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Abstract of WO0249746 

A hollow fiber membrane module (31), wherein 
both end parts of a hollow fiber membrane 
bundle (14) formed of a plurality of hollow fiber 
membranes (13) bound with each other in a 
sheet shape are fixed to two different housings 
(32) with fixing resin (35) while maintaining the 
opened state of the opening end parts (19) of the 
hollow fiber membranes, the maximum width (A) 
of the hollow fiber membranes in the direction 
perpendicular to the longitudinal direction thereof 
in the cross section of the housing in the direction 
vertical to the longitudinal direction thereof is 25 
mm or less, and the maximum deflection amount 
of the housing measured by a deflection amount 
measuring method is 1% or less of a distance 
between the two housings, whereby the 
entanglement of the hollow fiber membranes can 
be suppressed to prevent the membranes from 
being damaged since the deflection of the 
housings due to an effect of air bubbling is less 
despite the fact that the collective rate of the 
hollow fiber membranes per unit volume of a 
hollow fiber membrane module unit can be 
increased, and the housings should desirably be 
provided with reinforcing rib parts for 
supplementing the strength thereof. 
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£tb, €#?b «H-3(12WI sa°Hfe ^. ^-Efl^l ^*fl *>-f ^ £-31(23) ^^<H1 -^Hf(24) ^ °H 1-5-1^ 

<M ^<y-f(25)s] *1^1 £-§-°l Si^, 34-°fl fHMfe -^Hf(24)7b 7ll-<H^1 ^eJ)5. £H SUfe 3^7} 

Sltb, f^b^U3)-g- *>^(12) &<3*}<^ 7^^(22)3. ^^-^(13)* nfl, 7l)^( 

22)i-f ^^(.13)2] ^ ^o\] s>)n, ^A>rt (13) ^ -ol >g-^§>fe ^^ 7 > 9X9X^. ^ ^-f, =r 

*1 ^^^-(25)^ -8-^=* =r*l ^^^(25)011 i^-g- ^|(15)» nfl^l, Jl^-g- ^1(15)7> 

3(12) #£.3. n^^H ^#°1 91%^. £tb sl*fl, f-g-tb ^l^=ol Al-g-s)^ ^f, 3. 

^-8 ^1(15)7]- ^i^^o.^. ji^- ^ro>, 1-^=1-01 3^ 73 ^q. i*y ^]^=^ ^oj] tfl-y- ^ ^ ^ 

£ *^-e>Jl, <HH tHl^ ^ <5§tMI ^ 1*1 *H, £ fl.fr ^^l7lfe U°l ffA}5f 

a.* ^ °1* °l-8-tb at -B-y* ^l^>fe HI 

£tb, s.^^- sb-f 34 ^ jf-g-^ 7j- i7 > -<M-tb f-^K v a^ ^ °ls1tb 

J£tb, -g. sl*^ <$s-f>}7\] ^<$1£ ^ Sis £fl, ^1 acf f^v^-a- ^1 



7fl : ?^Sl 7fl^- ^-Efl-I- ^ls->^Ai, Zfz]- Cf^- 27flSl SK-^loll SL^S]o] o]^.o]^}^ ^A\vl 3g ^ 

^-(A)°l 25 mm ^oH, i>\7] *t*8 ^)«fl ^"g^ A o v 7l ^tfl ^^o] 27fl^ s>^?}- 7^2^^ l % 

<£<>] 

#3 cfl^- 'S^-i- ^^-Wol -Sf^l-Ol S|£S. ^I^SJ-JI, 

tfl^- *>■¥- Eb^^l 5 cm im°-3. 0.05 kg^ ^# ^-jl, 

^■3 Cfl^- SV-f^S] ^jpgfl. 7He|# ^*>S, ^71 Ti^Sl ^Cfl^l* ^tfl ^^=^ tbcb. 

5£tb, ^o V 7l SH^l* ^Afrt ^1^1 -Zl-?- ^-7fl# Tjl^lsl-71 tb 71)^1 ^-fr ^ °1 Hb^*b^. 
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3Eth #71 SK-3|S] ^&°\]^ 22:21 a.7 c V e)ti.«-o)l ^^1^1 _2.-=--f 7> ^^S)JL, #7] l^tlr # 

71 7fl*l t^^l, SFMJ21 zH #^0.^. A^ cfl^sVaAi ^#5]^ 222} l-S-27> 

£ f^A>nJ- 2.^. ^» 4)1 EU^o} ^A}^ 2-f-ol EflSf 3g*JS>7fl ^ nfl<l€ f^*}^ JZ.* -fr^ 

°H, -2-1- si sK-^ hv*^ ^(a)^ ^1 ?]^*>fe ^^-a>°i- SLl-o] 5>°-^i s. «v*j=o^ f^Aj( a ')j4^ 

?>3(CH 25 mm ©l*}?! 33* ^8.2.3. ^-cf. o] &) ^. ^a}°v s.-f- -ft^* n tffl *113#^ ^^^-g- ^-7)1 ^ Si 

°)H ^ *8SM 3$ 33 ^-gr 3} 4^-°-^. SRr ^©1 7>^-S)l^ > ^"71^-0)1 ^ A]~g- ^loflA-1 

2] ^^>^ fits] 3.#* H <WRr 53 °1 7>^«B^lnf. 

^ eq ej. s-H^*, 4€- *5J^ 7fl^-?-7> ^ 2] 5} jiff *K-;jMl Si^Ai, 

^-¥-* 3*1$ 7fl^f2l tiVtfl^ofl^ Zio) *#i$d\] OfS. ^3-^7} *>-f ^#.0 jS.^ 

-¥-°ll "a-^* 7}^5.M| 7fl^-?- 7> SHj- 71-^^711 sq^l Xife $3. °13$ 3 2-1-e- ^^-i: °]-g- 

°1 3 £l-g- ^HHH Sl^H^ 222} ^2i^7} %^}7)} ^33^, £-*fl2] ^ 

°1 m#°-3- =H 9X^= %<=>} s>^* o] -g-^V 0..5L*) , BJ- 5L#-g- nflSl ^-gr-g: 

*7fl 1- Xi^. 

A 0 M s>^<Hl 5L^£\°] *W 0.3, ttcf. ^ £f^, <^3|-^ sl-^oiq- *|^-ej^oi 71^ §i<H 

-g- t^Sl ^113 Efl^?] Et^, l^^rS) ^A}^ A]E^ 0. S ^ f^Afnl-ol -^KVOI 7 fl^^5l 7fl^ 

2] S>^-^1 ^<>\] #^}7] S]^ 7fl^2+, #71 7fl^Jf Si <^<H, 7fl^°fl tfltfl ^^©}7fl ^^1 

€ #71 ^-Ol ^ ^)S} #7) ^ ^^11 Si ^^S^. Ei S)^O.S ^^-^ ^fe $Sr ^ <L3. ^Cf. 

olsltb ^#^ V SH-^, sV^-^sl ^1^ Jg^iq- ^a>oi ^ei^ - oj^ofl £ ^ Tlsl S«a ^ 

711C1-7K Jl^-g- ^lSj ^7)]7> ^'gs}££, tfl^o] JH-Sl-CK 

°1 ^^t.}^ s.^011 oio^A-lSl ^ ^-*HS1 ^ol^ ^. ^-olsl io tfl^l 90 %S. £l<^ 53ol al-^-^sl-i^-. 
°]*\® ^^-8- t^I-S ^ $i<H, £f2l Ml^* -B-^l^ =r Si^-. 

<=>] 5L^«H 9l°l*\$= & %t tt^Q ^ ^ ^"21 #t£^-2] 7>^4, & ^ ^"21 71^2} cfs. s 

^-sl 7)^s}$] 7V^sl u]7K 10 : 9 i-M 2 : 191 «>#^*V^-. "la)* ^^K v 3.^) 9l*]*\^, ^ t^^- 
ofl i^-g- ^°jSf7| 4=1^^01, ^l^^] ^1^=* °^7im ^ 9X^. 

°1 ^^K 1 " S-l-^l SZ^S) 711^--?- 21 0.1 tfl^l 20 mm?] 53 °1 «>^-^«l-q. °1 1>- -S.*^- ^ 

-g- ^-^Sl 4)4 Eflo^oj ^A}**- #^-A>^-O.S-^El2l ^e)^2l f-^.7> S\ ^ ^3.7} 2} ^o]£ 

^^t^-ofl ^ ^^1 'H-g-^AS. ^^-H) jl, #7) ^A^Sl ^joliE ?V ^ ^7} «>2-^oll Jl^-g- ^1^. 

^^-<H^1^ S3 ^-7flS oR^l O.^. jl^Q fifoH, #7l Jl^J -^-71)7} #71 ^^^-Ir Sl-- 0 -^^ 31 

3*Hr f^ifl, #7l ^ o)l Jl^^l-Jl JZ^ £^05. slrf. ole^l ^A}°1- £1-^, §>-f ^4 ^ 

^21-21 ^^-^21 7l7fl^ 7j-i7>^e>iq-. 

SSh °1 JS-lroll 5i^A-i 01 ^ t vfl^oil #<ysl^ ^(iL(/h)a7ll-¥-2f, «>^2l cfif 

tfl(±)^7ll¥-2l- ) ^§711^-21- rD§7l^f o-f-f ^21 ^Ol «J-%toll ^IS^ ^21 ^^ol ±_ 

S7fl¥-i.Cf£ ^^¥-1- £-31, #71 Jl^ ^-7)171- ^-¥- ^21 <S^¥-2l 21^^21-, S>^^) 21 vfl^ A>oloH 

mV^oi #^151^, ^01 s]-2-^«i ^e>7fl -31^ €4. 
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^ *>^1 33 Jl, 7))^-?- ^ofl ^1 ^*§3i ^ 

^ 717^1^ -f-^t! #^>"2, v £tt -g-ol^M), SEtt 51*^ ^ 

£1* * ^"^^ =f^A}°]- 213) ^0fl» AVAl£0lcf. 
£2c £13} ^^Aj-nl- _ 2 .= o 1 l o^olA^ *>^-^ «-^°l ct-tgJEol^. 
£3* e}*^ ^ ^^*>7l 3^1 ^H£°)4. 

£4fe * ^^-avbv 213} o|)« 2 si-*^ -¥--§-31 ^£ o m. 

£5^r * t^S} ^A^V 21 -B-y^ 2Altb A)-A|2o)C^. 

£6-8: £531 f^^At-nv 2-1 *^H1 ^l-g-Slfe ^ «flc|» 2 Al^ A>Al2olcl-. 

£7* * ^ 21-g- *}^-^ 3| <£a\]s. 2A] *V A}a12<>1t}. 

28* * 1^31 f^-g-A}-^ a = 01 ^5. 2Altt A]-Al2olrf. 

£10* £83} -g^A}^ £fo]l Ol^-Sl^ S>*33) Al-Al2olcf. 

£11* * ll 1 ^ ^a>°v 21- 31 i}-g- ofl s. 2 Alt!- Al-A^c-ltf. 
£12fe £11^1 f^AH- jE^ofl 5fl°H3 *l"f^3l ^£oli^. 
£13* £123) XIII - XIII ^^£0]^. 
£14* £123) XIV - XIV ^-^£ol^. 

£15* £1131 f^Aj-eV s_^.d\] ol-g-Sjir «>-f ^31 A>Al2oli4. 
£16* £1131 f^g-Al-el- fifoll c-1^-51^ ^ 7,3-g- 2 Alt!- ^<a£<^. 
£17* £1131 #^a)-dv 2l°il °) -§-£}* cf-r- £^lt! ^"^£°1^. 
£18* £1131 ^^-a>"1- 21-ofl °l*sl* ^31 cfs. ofls. 2Al^- s.^2o|cf. 
£19* £1131 ^^a|-o| 2l«fl °l^-£lfe <£}--¥- ? 331 cf^. ofll- £Alt! ^^o)c}. 
£20* * t^3l f-^-Al-°l- 21-31 <=fl* £Al*l A)-Al2olcf. 
£21* £1131 ^A>nv 2.^.01 ^i^. ovuj^. A^t!- ^^£flcl-. 
£22fe £213) XXII - XXII ^-^£ol^. 

£23* £1131 ^A>nV 2131 Aj^t! ^-^£^4. 

£24-b £2331 XXIV - XXIV ^-^£0!^. 
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S.25fe JE.113 f^33 -2.t"3 ASl 33* ^33 33-E33- 

S26* .£253 XXVI - XXVI 33:e33. 

5127* ^33 ^*a}^- si-si <aa)H. £Alt»- A>Al£olcf. 

5128* 51273 ^*33 5il-o11 SXo]a]2] &#5L°)r}. 



33, * 3"3* 3* 3333 H333. 

<3 1 3 <$$] f^A}!3}- a.^-> 

511* -g- 1133 f^Afol- S-l-O] °Jo|j# SA}^ A}AlJ£olD}, £2* 5113 f^A]-^ 3.1" o)| 3333 3*3 *^"3 
3 Wt S-l-(31)* 3 33 3*3(32)3, 3*3 f^AWl3)«l A]E^ ^o]7l] 33 ^3"3" i}i£(i4)3, 

3*3(32)3 33*3 3^3 33* **(36)-I- 3* 3* ^3(37)3, 3*3 (32)3 33*3 33* #*7> 

&* 3* 59(38)* *333 33 *33* 333- Oj7H, ^^-A>nV I}<|1(14)* ^^ ( g 2 ) vflofl Aj-<y £ 33H3, 

£th f^33(13)3 7fl*ia*-(19)3 3* *^I*-*^H-H -^3* *3(35)°1| 33 3*3(32)°11 :a333 

5ti3. 

3* 3(32)* ^ 3*3 333 **3 1^5.(41)3, 3*3 £-*fl(43)3 X3°ll 33 333 

7fl**(42)3, 33 7l|**(42)3 3*3, E3 7fl^-*(42)3 33 Jg^Tfl 3*3 *3(43)3 33^. ^33 *(44 

Aj-7] ^=-(44)3 333 *3 *3*(45)3, 3*^(41)-1- 333 7fl^*(42)3 33*3, 33 333 333 3 
*3 £-31(43)2]- 13*11:5. 333 22:^ .£3 ^ w.^-(46)* *333 *3s)ir #,3 7 flef H333 7l*3 *33 
t}. o^H, ^=-(44)* Ais cc^V ^-(44)o] ^.^(47)21. ^o.^ £-*fl(43)3 *3(48)3 *°J 3^3 351 

* 3333 33. £3, -£3 3li*(46)* 3-§- 3353351*, 213 3*3 *3(43)3 *3(48)3 J±3 3li*(46) 
3 *3(49)3 *<H 333 s]£S 3333 33. 

* 333 333, 3*3(32)3 33 333 33 **] cj^o)l 3333, **33(13)3 33 u oHH 2151*1-^ 

2\ ^rfl ^-(A)^r, 25 mm °]*}<}1 ^°1 ^^>3-. ^a>^- 2.^.(3!)^ s>^-^i(32)?V 7l^# ^3 vflS <U^^}t\) 
■frxMSL, 5>^i(32)3 ^ifl ^-(A)* 25 mm °l*]-3. ^S.^, 4^r3 ^a}^v 2.^.(31)^. »^ ^ ^^oj 
31* ""IN, ^^>3 S.l:(31)2l ^^** ^7fl ^- =^ Si^-. ^cfl ^-(A)^r 20 mm ol§>«?l ^o] ^.cf 15 mm 

o]t\o] ^o] d* a>^-3igj-i^-. 

f^K v SLik #^S§>7fl ^7^1 7}^}7\] e>7l ^Sfl, •=r>*^(32)3 ^o] « 0 >^ofl rfl?}- ^3] cj^5] ^ 

5 cnf ol^fo] 5jo| ul-s^osl-j!, 4.5 cnf °1«1-?1 53 «1 JS.^- u>^-3]^>cf. i2<^] £A]^ s>o-^(32)o] ^^-S] ^-^^ 

* *l-f^(32)3 ^ol h 0 v^i=chii cfltl- ^z! ^<H1 SJ<H^13 f^}3-(13)sl ^c>l w oH >0 fl ^151^ w oH l 3 ^tfl #(A)4 
^^^-(13)3 ^o] b 0 v^=^ ^cfl s.(B)33 ^3 ^o]rf. <^7lAi, ^o.^(32)o] ^.^aj^^ ^^1(32) ^^s] ^ 

2joflcf7>, ^8(32) ifl3 f-^l-nv ^(13), 31^-8- ^1(35)7> ^<y£]fe ^] ^<a-¥-(45), ^-¥-^.(41) ^ ^ 
«.-?-(46)^l ^-¥-(50)3 ^'a^o] i^cf. 

atb, ^-^^l Si°l^ *>-^-^(32)3 ^cfl 1^*. 27fl3 S>^-^(32)^r 7] 1 % o]e)-<a -g.2.7} SJc]-. sV*^(32) 

^cfl 1^=01 27113 ^ 71 3 3 1 % 3*1-5. ^^>3 £*(3iH 3*11 ^ 3^ #^>3 S-* * 

y* 3** 32i3^^3 <^3 33°ll SI333, »3 ^* 0)^-^ <>1H 3*^ -g-3 3^°fl 3«- 

a>3(13)3 ^3 ^^-5-3 *>^(32)3 ^* 3^m -r <>H 3«fl, ^33(13)3 ^^3* 3^13^ 
7>^§>7fl 3^, 3°H 3«fl 3S 3^*Rr ^33 S-l:(3i)3 ^33(13) 333 S3* 33^- ^ 33. 

333, *h^)(2)21 ^rfl ^7l£l 33°11 3*11 ^3€3. 

<^^= ^3 33 > 

*3, £3-i £3^v H>sq- ^ tflA 0 v ^^(32)si <y=^» f^33 3^(14)3 333 3^3 33 33(51, 
51)3. 333^ -S-3°ll, 3^- 3- ^=3 3*3(32')* zl ^ ^ s}*^ (32)^1 ^33 33 3^(52) 

33 *3. 33^33, #3 33 3*3(32)3 ^^-*s.-¥-3 3^*33 5 cm 33^5. 0.05 kg3 ^(53, 53, •••)« 
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^#4. ^4^, W ^4 44*432)4 44°fl a]^fl-(54)» tJH, cfl4 44*432)4 444 344(54) 4°1 
4 71 el* t^cH, ^"71 4 44 4tfl*l» ^cfl ^%=o.S 44. 

3^4, 27l| si 44*J4 444 4-8:, ^4a>4 4^(14)* 4^44 451^- *M 27114 444(32)* *H4«-§- "H<4 
4* 44*432)4 #^ Slfe ^ 434 344, €444 27flSl *J-f^(32) 4.4 ofl oi^ #^4 4<t(l4)4 
*I444. 

7flT"H42)fc 4^(14)4 H1YS(41)1 ^^}7] 44 4 0 d47} 4*r 44 44. 443(32) 

^ 444 7fl^Jf(42)4 ^fr, 443(32)4 44^44 4^4 44(14)4 4^4 4 5&JI, Hi4 f^A>4( 
13)4 44444 &4 3^4 443 2-3- **^>«K13)* Ji-fr 444 4 4fe 44 34 44344. 7fl^4(42)4 
7>3 3^4 44 Aj-g-s]^ ^a>^(13)s1 43<>ll n}^ 4=4, sf4 tt-444 $44, ofl» so] 0.3 44 5 

mm4 44 Ml 7} a} 4344. 

4(44)-£- -3X34 <r4(35)4 ^E^t 43471 44 444. 4(44)4 ^4^, ^44^r jug-g- ^(35)7} ^ 
a>4 S-l-ODofl A^fe M144 g{ <g^A>4 4^(14)4 Jl3 -¥-§-21 4344 4^r% 44 3^4 *M|* <§3 
% ^ 4-° 4 #-2-4, 443 4343 &34, 44 1 *fl4 20 mm4 44 ^\7\ 4434^1,. 1 44 15 mm4 44 
ifl 7 > JiL4 4^444. 

J5L# Bj«^.(46)fe, 4^4 443(32)4 2)tfl ^44 f^4-4 2.^.(31)^ 2 7fl4 443(32)4 444 1 % 4^5. 

44 4*fl, *JS1S 443(32)4 7j-£» ^7^1 7>^43 4fe 444. ^ 34°fl CfltflA^, S.A]^- o))^ ^ofl 
34 444, 443(32)4 1 45L* ^44^ 42-44 *fl-g- 7H=r44. 

443(32)4 44 « 0 vtg=4 ^4^ ^tfl ^4 244 444^ ifl^>H ^^^>7fl ^^€4. ^^^>^ s 

t(31)^ ^J^** *°l7l ^«fl^fe, 500 mm °1^?1 ^<^1 b>*^|*Fj1, 1000 mm <=>]^°A 3M ^.rf u>^-2js>c}. 

sV^-^(32)s] ^o] « 0 v^ ^o] 7 > 2000 mm °\s£6\ ^ 7j^, ^tfl ^^-§- vfls « 

^«>7fl ?^«fl^l^ ^-f7> <&t\. 0} ^o\]^. t i4 ofl «}.<4 ^ol T7>^31 sq-?- ^-7fl(54)» 7^1^1*>7l 

22:2] fs^S ol =o^^lfe 7fl^l^-(55)», i.^-^(50)°fl 'Stb $- 7 Z 31 «.^-(46)S) tfl«^<^l *>-f ^(32)^1 ^0} 
a o v tM 44^1 >a*l« SU4. °l 5 i«- 74l^l^-(55)» ^l-¥- ^1^1 JM(54)7> *>-f ^(32)* t,]^ ^ 

ol ^^lslfe ^, ^a>°> ai- l-e-l^fe =5)l<a AgBfHl 51^ EM Sife 5! 0 14. 

7fl^l-¥-(55)^ 21- ^-y* ^*>fe #^>nV 2.1-(31)^-, ^"71 -a-y o}sq^ «.^ofl Sjtfl ^^H>7fl si 

7]^ ^al 3. ^ -S-^- ^«1 ^Elfe £4^ £Al^ H>fif ^o] 7)1*1-^(55) 

si Sl^- xIt-1 ^-7fl(54)# ^*1*>2£S- 4-9-^(32)21 ^ol uj-^ofl tfl%Vg>^A^ o^^-Elfe 2221 ^. 

4^ T7l^2l 21^- *1*1 ^-7fl(54)2l- 4-9-^(32)21-21 ^47)1 W Slfe -g-^Hl, 2^ ^-7fl(5 

4)S.^-E12) 4-2-^(32)21 ^-40] ^-olsfl^lcl-. ^ t ^7,1-^(55)^ ji^ ^ o.SAi^ 1:^2} M^l- ol-g-s>al 7fl4-¥- 
(55)* 4-9-^(32)21 el«.^-(46)^l -H^Rr W ^ ^4°14 -g-4°fl 2l*fl Til *1 -¥-(55)1- 4^-^(2)21 J5L 
7J- el w.^-(46)°fl J1^4fe H o v ^ 1: 91 4- 

4-9-^(32)21 ^fl^S-T-lfe, 7l7fl3 7J-JE. ^ vil^^- $o]# fa, s.^ i-ei^viioiE, gjq^, §ell- 
eim, PVC(1-219J4«1^), °lHf ^4, ABS ^4, €^ PPE(#3l3fl^€°1lEll e.) ^ 5U4. 4* ^} ± 

4 ^el7> ^.9.4 7^-fofl^, o^i^l 2i«fl -B-s- ?lif ^Ai7)^i ^a, 2j-^ ^ #e) 1:^14 ^-4 44 

^71121 ^7-11 7fl^s 4fe S°l 44*144. 

a, 4 4^21 #^44 s-l-ofl SZ^Ai^i 4^* Ji^-g- ^r*l7> ^<yslfe ^r4 ^<a-¥-, ^^44 444 4^-7> 4 
^slfe 7fl^ ^ ^a}^ 4-1-4^ ^-¥-s» ^ MS 4^1, £4 A^-sl^ 4^4^ 3°14, ^ A 14 

4^4^ 4^4. £4, 4-9-^ °1 1 7 o v £l 431 4-^-4, 4-^-^1 ^-4 el^-^l- 4^14 4^-^ §i4 



£4, 4^21 ^ ^4-£ £4, i^Hisi H *§°11 4^4^ 44^1, °ll* 1-°! 4*^, 44^, U^f^ *fl 
44 ^ 44. 4, ^^-44 44(14)°1 4-9-^(32)21 7fl^-¥-(42H 2l*fl ^7^ 0.3.^, ^a>4 s.4(3D* tiI^ 

nflSl #|^-^ol ofJlSll^lfe ^4, #^-AV4- 2.1- -fj-yofl ^o^AiSl ^A>nv 2l-(31)2l ^^^4 ^Tfl 47114^ ^ ^l 
7l4«fl7ll^ 3 4, a.7j- e)jd ^(46)4 7>^ O.S*| 4-9-^8(32)21 1 7j-£7> 444^ 3 -§--2-^4^1, SAi^si- ^-oi 

-9-^21 44 ^44 tfl7fl H^4 33 °1 44*144. 

°14 Ai#4 44 44 ^4a>4 S-l:(31)5- 444fe **44 at 44 # °144fe ^-9-, 4#4 44 44 44 
*j(32)4 ol-g-45-S.4 ^44 £tt ^1^4 °fl4 ^^^l 4^«()*1^ -f-^-Hl, ^a>4 2.^(3!)^ ^j^^ 
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711 -§7)14^ 3M 7>¥*fl44. 

^A].^( 13)^-3. Aife <*\B\ 7}X}2] ^ ofl» Ir-H # 3 * efl 4 7)] , §5^1 443*711, 

PMMA(#el^l ^3^^1)741, l-e)^^^l, PVDF(#5| *^-Hl^5l PTFE(§ej 4*^1 ^^1) -§-4 *dt7ll -§-, 

^43^ f-444* ol*4fe 5H 4434*4. 

IE, o}44°-S4 A}-g- 7 }44 ^W^, ZL 33, 4 ^*f|, 43 ** 444 434fe 3* 

4434, °fl» *4 3. 213^ 20 *-H3 2000 ^ 33* 0.001 vfl^l 1 &, 43*(£ffi*)* 20 ^3 90 %, 4 
= 31^ 5 M13 300 fans] ^^7> 44. 

***W- tHKl4)5.^fc, ^4-4U3)-gr 4*4 Hfl34 334s #34, ^*44<13)-S- 44-1L4 oi-g-sH €# 
43. 4 3, £fe 3 €#3» 4 D 1) 3#43 3#*flS. 4 33 ^44 S.K3D4 7>^-44 4 3^44. 

434 44^ 44*1] ^A>4 4lHfe, 4#3« 1^7.) &31 3) 44 ^0) S 4343 34 3 

£ S^€4. €432] 3^(43) 34^ €-§-34 ^3, 4 f'^A>^(l3)o] ^ 7 ]uf 4 -§-4-1- ^4 nflo} ^^>°|( 
13)4 ^-a> 7 fl^o)l sjSflAiJE. £4434, 53 ^£7W7} #4- 

3i3* «M(35)3.4te, 3f- s.4 ofls.Al ^3, -I-jE4-i33^1s 43, #3*314 *3, 43^3 #43, 4# 
44H 43 ** 3*4 4 43, 3443 434* 33 7}*44. SE4, -24 32] 3l3* 43(35)4 3^-£ 
4 4333 &34, 44343* 500 tfl3 5000 mPa • s, iL4 44343* 2000 i-H 3 3000 mPa - S 2] "8$]°} 
4. 31434 313* 43(35)4 ^£7> 500 mPa • s 3434, -H3* 43(35)7} **A>4(13)3 7fl^4°i ! -(19)4 
3 **43 3^, 43 7fl^-ia-^-(19)« 30^4* 43 &4. £4, 32433 i^-g- ^](35)^ ^£7} 5000 mP 
• s °1*>°1^, ^1(35)7> 4t^1 ^^-a>°H13) a>o]oH ^^7] 

=r*l(35)fe #^ 7fl^^-(42)^, #ol ^ ^1 ^^^-(45)<H1 Si^H^i 3Z5|-^ 3 £.([HI)^> 

^1(35)S) ^-i- ^(db)A>^ o.s fml, ^AV°]-(i3)ol §1-0-^(32)0]) ^^^] nfs. 

ifl : ¥-S(41)fe- ^M(35H1 ^«fl ^*a>b|- cf^-(l4)°l «hf 3(32)<* Ji^^Si* °fl^l, ^« ^» 7>^SM1 

^l^ 1 - ^^tb al-sf ^ ^^-a>ov 3.^.(31)011 sJoiAl^, *|-f^(32)Sl ^cfl l^o] 27fl<M e>-f^J?V Tlel^l 1 % o}*} 

©1H.S, ^-f^ 1 (32)31 ^Ol >#ig:oll cfl^- ^21 ^ofl ^^A].BK13)S| Zjol Wj-^ofl 3l5il5>^ tiJ-^21 ^tfl m 

A)* 25 mm °1^>5. £f -if^sl ^ Sfl^Sl f"*^^ 2-1-^ ^]^#* fe<g =r *^s>jl, 

-°-Ai, ^AfoV 4^(U)* ^ *>J1 Si^ ^ #^-A>°V (13) ol ^JfS. DIE) 5Ej)ol 7fl^-Al^ 

4-S-°11, ^^>^-(13)^ 7fl^p-^(19)7> ^a>°> 4^(14)31 ^1-, ^ (32)21 7fl^F-!f(42H ^*a>bk 

13)21 7fl^-lEl-^-(19)7> o->^l(32)2l xll« S (41)o,l ^^5>iS. ^-oj^ °\ 7 ]x\ t 7fl^(42)2l #^ a.ol fo) 

a>^- 4^-(i4)oi -a-^H) 7l ^3^^- ^g^fe, ^#*>fe 421- ^-oi aj-ojah 7ii^(42)# a«ife- ^-a- ^-g-«nt # 

4. 

^^44 4fKl4)2l 4-^-^(32) vflofl ^44 ^, ^^44(13)4 7fl^4^(i9)4 7fl^ 4eH» 444 -tf^H 

Ai, o!j^ ji^-g- ^(35)* 4^(32)21 4#o.S.Y^I ^r4 ^<a^-(45) ^ 7fl^?-(42)o11 ^44^, °1» ^4^1^ 

^44 44(14)* 4-9-^(32)^ n^«W, ^^-44 £t(31)t «a^4. 

^L^o-o- ^r4(35)# ^r^] ^^^-(45) ^ 7fl^-¥-(42)°11 ^°J4 Jl^-g- ^4(35)4 ^^-a>4 4^(14)^. ^44^ 

4^21 ^A>4(i3) A>oiofl ^4 ji jf. ni4£s. ^^-Af4 44(14)°1] <H14 f-* ^4^i, ^^44 44(14)4 
7fl44^ 4^* °1 44^ 5Jfl 44444. a, ^44 44(14)* 7fl^Ai4fe ©hi 4^4^ ^o] 04^, 
3. 42) 4^* ^^47fl °144fe S4 71-444. 

£4, 47) 323-8- 4^4(35)21 ^<a4* 4*3(32)21 ^4-011 44 3447fl ^slai, 4(44)^11 4«fl ^44t1] s]^ 
•34 4-^14 ^"aslfe 5)^1 44344. 
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gc o^H oflAltV #^A>o^ J2.1-(31)Sl ^2: ^^<^1^|^ *lBl ^5-^(13)2} 7fl^*]-^l, ^A}^ 

13) 21 7fl^^-¥-(i9)^ 7fl^ ^-Bfl# fr*lt!- i^-g- ^1(35)* ^^^Jl 5l^°>, -g- ^^A>oV Sf2] 

14) 3 ig-Jf-i- *}-fr3(32) *fl«fl «A>*Ki3)a1 s.Jf *H-3(32)3 ifl^-S(41)^l s^-fr 
^1 (35)* ^ JiSj-^M tfl-f-S-Ul) vfl^ ji^-g- ^1(35)» ^^>^(13)3 cj-^-sq- 05^, ^*a>«K1 

3) 7fl^Al7]^ « 0 >^ -f"§- * ^ Sicf. 

£5fe £ t<32l S.* -fry SI ^l* 51*1* "f^b^ if -fry (60)£, ^#tb S.-S-C31) 

4^7fl Bfl^l^ji, o]=- *j-f3(32)°l «flc](6lH Sl«fl O-^.*) SJ*JS**M °l^-°l*lfe- ^l^. 

£6£r ^71 ^A>n> -fry(60)3 ^ «| 3(61)3 ^ofl* £Al?(- #o]Z±. ^ fl(C-|(61)fe ^ ^(37)3 *i 5} 

«r #^(36)<H1 flSt ^2} <3^f H*l ^(62)* £JI, =l tfl-^ofl o^^-fr ^-sl-Al?!^ 3^3.(63)* £ 

fe 3M3, ^ ^ ^(62H1 SZH^1 3-«r7fl3 ^A>ni- 2.1r(31, 31, -HI ^*Hr ^H, 

S-fr -n^ <H*fl3l-*l-Ji 543. Hth ^"71 ^^3.(63)^ ^ *Hel(61)2] 2l-¥-°fl ^^i, ^=C£<M ^^)3 ^ 
«>Jl 551 tf. £, ^ *flc-1(61) ^^^.a^ ^A]-rt £f(31)-i; 4^r7B l-^-*>^ 7i<>ls>7fl 3^*^, ^ ^ 

DflM^s. Ef<a<y ^©i hV^^ov, ^a}^ ai-oi, 31, -)5.-¥-3 #1#% V ^ $is= t 1 ^ 0 )^ ^-t^l 

£*}-, £5°fl H*lSb 2.1- fry (60)^- f^K v S-*(31, 31, -)2l *H-3(32)S] ^ ^ ^ 313 

(61H 2]31 ^*l|sHb *H-3K32)£| «g=i3-¥-» «llti(6lH 21*11 :n.^*Rr ^ole^-s. #4. 

^^•A>°i- fr-y(60)ofl 5U<H-*i2l a.l:(31)2l s>-f^(32) 4 «o v ^2l ^Aj (a ) 3 q. > 0 ]6g <y^*Rr 

-S-l-21 *>-f^ # aj-^o) ^^(a-)^^ ^(c)^- jl^^-ir-g: ^*>7] fltfl, 25 mm ol*>7> hV^-^^JI, 20 mm ol*>7> 
a>^«>ja, 15 mm °l^l-7> c-]^ a>^-^] 31 tV, £^ ^l^^fe -2-!:(31)<i| ^V^(C)^r S^tb ^l 0 ! 

a>°v al-(31)2l ^, <§^A}nv 5Llr(31)^ ^1^, #^A)-nv -fry(60)s] ^l^r, Afl^ w 0 >^ -i-* 

°lel^ ^^K v JZ-1- -fry(60)°ll 5a°Hfe, A o v #tt SL1-(31)* 4^r7fl ufl^^ol, ^1^(61)^1 2lsfl ^ 

# ^ "a^^-Al^l ^jai^^. ^-Tfl ^741^- 4* Sl^ ^^ofl, ^s>7fl ^^K v -2.1-21 ^ 91**. 

2 Efl <y=2l °| s.l-> 

£7* -g- 1^21 7fl2 Efloj^ £ =oj| ol-g-sjfe «>^i lE^olcf. s>-9-^(32)^- n vfl-¥-o)l Ml 

JM-UlXf^Jf)^, ^-^1(43)21 5L^ofl ^o] Bj-^ofl n^-El-A-l 7fl^f(42)2h -*7l 7fl^(42)2l 

^ofl, £tb 7fl^¥-(42)°ll tflsfl 3g^s>7ll ^-^11(43)2}- Qns. -g^m ^"(44) 4, A o v 7l 5H44)°f| ^^1€ ^1 

^^-¥-(45)21-, tfl¥-S.(4D* ^^1* 7fl?-¥-(42)2l wvcfl^oil ^ol Mj-^ofl n}eH *l-f^i ^-^(43)21- <a^S. 2 

^21 a.7j- elti.¥-(46)(l-^-2:¥-)# ^Bl^ T 1 -^^ 7m H7.}^5] ^ ^-^flolcl-. <^ 7H , ^-(44)^r 

AiS. ^^sfl^lS^-, 2Ltb ^-(44)21 #^(47)2)- «>^^ £-*I|(43)2l ^(48H Sli4 Si^. ^ 

tb, Ji7j- e)j±¥-(46Rr ^S. ^^jsfl^ss., SEtb «>^^8 £-^11(43)21 ^^(48)^1- a^J- 5lJH¥-(46)2l #^(49)°1 

°1 ^-¥-^(32)^ Si^^i^, 7fl^^-(42)fe ^-fr^ (32)21 ^» 0 vo. s «.e1 ji^- el«.£(46H 7}^<L3.v], 
7>«fl^1 iL7j- 51 «.Jf(46)2l ^^ol ^^(64)<>1 Sl^, ifl-¥-S(4D* ^*W<* 7fl^¥-(42)2] «Vrfl^oll aB-^ 
£^11(43)21 ^<y- ¥-e°l ^1^1^(65)<>1 # ^ 7>^-s>7ll sh si**. 

elti.£-(16)2l ^-o]^, mf«l ^5)^1 ^nl, s>^-^i(32)^l ^-#tb «>3- ^°1 7fl^-¥-(32)2l ^ ^ ^-g-^r ^ 
A l7l7l fl^fe, h>^^§M)^ 5 mm ol^J-oH, fit)- a>^2je>7fl^ 10 vflX| 100 mm2l H^ojtl-. ^ 51^(46)21 
S-ol7> 5 mm *>li?HMfe 7fl^¥-(32)l- ^ ^ <&n°] ^JL^A $2.3. n}fjva|*}*l &5L, ^.^j- 

Elja£-(46)2l S°l7> 100 mm« ^ 3- Sft frys^S* ^^(32)21 ^*1 ^-Tj-o] «l-*o.S ^-^£l 

^1^1^(65)<>1 Slfe «R-3 £^1(43)21 ^^21 ^-Tflfe, ^.7^ 51 «.¥-(46)°11 <y- 7f^* nflofl, ^1 sf^l £-«H(43) 
51 *1*) 3(65)0.5. *><^ 7fl^?-¥-(42)2l s. ^-jg-ol 7}^JL, ^ £f1 A^SJfe tfl^* *r Si* 

^£21 iflc-lig ^ji, s.^^1 ^5|^1 &*1^, ofl* #<H 0.5 ^1^1 10 mm2l ^fl ifl7> ^4. 
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^-(44)21 S-o]^, ^<ys)fe- jl^-g- ^1(35)71- ^ a-i-oH A^-5]fe ifl<y-Aj ^ o^o}- ji^Jf s] 9j^Aj-g- ^ 5i 

* ^ifi) ^Aj^- ^ o} o.^ ^j L) m>gsj ^1°>, efl£ #<H 1 50 mm^ ^fl ^7> ^cf. 

7ll^£(42)2] #^ <8(32)^ 2l^o.j=L£El a^^* ^ flja, SE^r aj^^o] *l£el*l*l ^ 

<*1 <a-a)-^ O.S ^4^-* -fiL-a- <r Si^ ^91 3°1 4#^^>4. 7fl^£(42)2l 7>^- ^^tb ^-£, t^l 

-§-5)^ o^^Hl s-t*] *Pg=H SM^h °ll« *°1 0.3 Ml*l 5 mm2l ifl7l- 

«>"f ^(32)Sl T-Haofl Cfl«fl^^, ^SRr A>ol^u|. nV a^-S] -§-£ ^.ofl DE}-^ ^^*>7fl S^^Cf. 

£ ^-^^ 2)12 3)<3^ ^ S*<fr, A o v #tl- *H?-^(32)2l #« 0 >o.^b1 £7j. «.-^-(46)ofl 7}sH 7fl^^-(42)» 

3. ^J-^V ^ Aj- 7 1 7fl^£(42)il.£El c^^S) -a-^^al, cfJfS] 7 fl^ ^Efl* -Pr*!*}^ jL^-g- 

(35H 2H <^^# *R- ^(32H JZ^^-^^Ml 312:^1}. o)e^ ^ wj-^ofl trl-sia, 7fl^-£(42)» ^ ^ 

-$<9 ^ #7fl 312:^ ^ Ji^. 

21 ^Jo]^ 7,>-g- 7>^^, <*e 2fe ^DflS *|~^ ignV^ ol-g-t ^ flC*. 

<^)3 31 ^ f^A}°V £f> 

5L8£ £ 5.^2) <a^S. £Al^ A>Al£ol^ > i9fe £8^ #^"A>a|- S-l-ofl Jf^-S] 

°1 #^AVe| £^-(71)^: ^ «>^(72)4 ^-«r^ ^^(13)01 0.5. ^olTfl ^ #^A>^ ^(14)4 

^^8(72)21 H^sll ^sl^ *^(76)» ^ ^(77)^ *>^^(72)2] Ef^oll *ie^ #^7> §i 

^ ^ ^(78)# 7fl^ ^olcf. ^A>nV cf^ (14) ^ s> o.^ (72) vflofl ^-<y^ Aj-Efl^Ai, 21^ ^ 

AKH13)2) 7ll^^(19)Sl 7fl^ ^VEfl^. -B-^ltVAj-Efl^Al 31^-§- ^1(75H 3] «fl S>^-^( 7 2)°11 Jl^S]^ Sl^. 

s>2-^(72)^ :> £10°fl iAltb Hj-S} ^-ol xfl^-<Hl ^Aj^ tfl^(81)2}- s>^-^(72)2] #^ofl ^a^^ 7 fl 
^(82)2}-, -8-71 7fl^-^-(82)2l °^<H1, at!: 7fl^-Jf(82)<Hl cflsfl sg^s>7ll sl-S-^ €-^1(83)2]- <a$]jZ ^-(84) 

4, ^ v 7l -SK84H ^1 ^^-¥-(85)* ^P-Ajs^ t£i£ u^> ^aj-o) s.^ Jf^o^. SE^V, ^-(84) 
^ ^a}^-(13)o)1 rflsfl cfl^ 2j^5>7fl S)J1, 7m-?-(86)7j- §]-2-^ ^.^(83)^1 ^ ^-^1(87)21-, Aj- 7 ] ^_ 
^r*l](87)2l Ai^(88)^El 2l^o.s. -g^-?-(89)» ^ 3Hth 

^-(84)2] #^-¥-(89)^, ^-71 ^- £-31(87)21 ^1^(88)5.^- El 21^3. ^-^7} s>-2-^ (72)21 Aj^ 

^■asoll 21*1] aj^i^ --( 8 4) xl^s] ^^-oiq- ^-(84) xfl#*.5.2| 7l-§-7l# ^^l^ji, ji^-g- ^21 
^-(85)5.21 ^<y-§; ^ols>7ll s>7l fl^l- ^olcl-. sc^., ^•^■^•(89)^ e|«.2l SV^, ^0.^1(72) Aj^Al^ ^^-s 

^Tfl 53 oH, S^T-Hl ^ol^^ ^1^1 Cf^2l ^^ol olo^^ £ ^ 3^2] JlA^-g- ^](75) ^21 

#^-¥-(89)« ^-(84)21 7)^(86)3.^ ^^^1^ ^1(75)2] o>Mel-, * 

o] <^2}-Alo)l ^-^om- All ^ AH Z}^^ T-H^ <H1 7l-«flxl^ oj-^oll 2] ^1 

e)7> ^A^SJ.71 4=1* Slo] Vfloj-Ajo,] cg^ol A§^ o] o^r}. 3f^(72)2l ^ol *lu|.*l7fl 

7^ U]S|S.S., ^^V^- S-l"(71)-i- 4^ ^^^^ ^- nflofl ^^j 7fl^o)l ^c^ o-^ -g-^j^ ^-^^1 

Ul^-ol i4l5]7>^ -f-3] §-^l£ 2J<HuJcl-. 

°121- ^ ^- -g-A)l(87)2l ^-ol(D)^ JlTg^- ^^(75)o) =7)!=. ^ o iJ1> ^A>°1- 2.1"(71)2| 

-B-^m ^ 9XS± t&°], ^ ^-(84) ^131 ^°l(E)2l 10 % vfl^l 90 %2l ^^sl^ ^c-l uV#3j«}cl-. ^■ 

£-31(87)21 ^ol(D)7>^-(84) ^31 fe°l(E)2l 10 % °1 ^1 7-i f^Aj-ol- 3.^(71)$] ^<$^o) l-^«>7ll € *^7> 
90 %» ^ ^-(84)21 ^1^ ^^o)^ ^-(84)21 vfl^-o.5.sl 71^-711- ^31^1- JL, EfV JIA^-g- ^1 ^ 

<y-¥-(85)S.2l ^<y^ ^Tfl ^cf^ ^Y(89)°fl 2ltt lL3\m 4-517}- ojcl-. 0^7^^, ^- £31(87)21 ^-ol( 

D)^ ^-(84)21 71 ^-^-(se)^.-?-^ ^ £-31(87)2) Ai^«-(88)^l2l ^-ololnl, ^-(84) ^13121 S-°1(E)^ ^-(84)21 7^ 
£(86)S.£-El Ajcf«.(90)^lo] ^-ololcf. 

^ ^-(84)21 Ai^«-(90)2)- t}-^. ^ -§K84)2] Aj^.«.( 90 )sq-Sl ^(F)^, ^ ^ -^(84)21 7l ^-£(86)21- ^ 
^-(84)21 71 ^£(86)21-S1 ^(G)2l ul(F : G)fe, 10 : 9 tfl^l 2 : 1?1 3°1 «>^-«l«l-^. °1 «1 10 : 9£.t±S. 2*SL 
^, JIAj-g- ^11- ^9J&>71 «H^fl^ -f 3l7> Sij7, o] ul7> 2 : lJLtfJE 3.^2] $)^^°] 2V^-S]fe ^ 

AH, Ji^ofl ^^.^1 ^l^=ol ^-o^cl-. 7H, ?>^(F)£- Ais cfl%l=s>^ ^-(84)21 Ai^.£(90)2) vfl^^ A>ol^ t] 
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2l°H. #3(G)* iflWfe ^-(84)^ 71^(86)21 ifl^^ ^o]^ Tle^olcf. 

7> 0.1 ^*1 30 mm 21 igflS. -g^Sl^ a>^-a}«l-rf. -O-s.^ "3^21 3f}-iL * ifloj- -°-*l-t- ^«fl 

0.1 vfl*l 20 mm^ igfls. -g^te 3W iL4 ^M. 

^^8(72)^ *}o]^o\) cfl«flA^, .n^Rr f^K v 4^-(l4)Sl *MSi+ f^A)-nv £1-(71)^ -g-£ ^ofl nj-e)- 
s:>7ll ^g^tj-. 

at!-, §1-^^(72)21 T^-S^fe- (32)2|- ol^-^- <*=. o}^ a*V ; ji^-g- ^xl(75)s.^fe ^-#*V 

^ -g- ^1(35)21- ^ ?}-g- oj-g-^- ^ o^cf. 

^^JSM^lH 5fl°Hfe, ^^1(72)0] 7fl^(82)2] o^ofl, 7ll^(82)oll rfl «fl ^^l -g*l£ ^"(8 
4)* 55-31, Tflcl-71- o] ^-(84)^1 ^ €-*ll(87)2] ^1^(88)S^-E^ ^-^^(89)# Jl^ 

-§- ^l^l ^1 ^-(85)5.51 ^ojol -g-olsfl t*^, -g^(89)» SZAiUsL, *}^(72) a^a]o] 
3^*1, ^-(84)011 ^ ^°j-?-(85)2l SJ-JM.^ ^ 9irf. o]o(| ^a)-^- 1^(14)°] 

72H S^-g- ^1(75)°11 2l«fl SHi*^ -H^S)<>1, ^a>^- je.t-(71)Sl ^-&o] 

£th °lel*!- f^A}-^ Sl-(71)oll sa^^^, ^-(84)o] ^ £-*fl(87)2l ^#^(88)3.-^ b\ #^(89) 
« 91<LV5Z, ^(84)o)l ^°d^(85)2l -g-^* ^g-*l SJ-iL^ ^ o iJ1> >m^7> i^Alofl ^ 

T-l^ofl cf^sl £-^°l 5i<HJE, ^2] .H^-g- ^1(75)21 ^ ^^o] aic^^icl-. olofl f^g-A}^ 2.^(71)21 
Ml^ ^^o] ^Aj-^tf. 

SEth °lel«- f^A}** ^(yDofl oio^^ ^-(84)2) ^^-(89)7> e)«.sl ^-^>3i t-H*?H 0 1 

^^Voi, 4^2] ^^A>Bi- 2.^(71)1- ^j^-sH -Pr^^ «* °fl°ll ^^-a>bv ^7)1 ^7ll*v ^ 

flBl?}- ^AV^i- 2.-i-(71)£- 371^1 ^ofl^O} a)3\. ^-ofl ^^«>7ll ol^-*V + o.^ 

£11 Ml^l £14^ ^- ^aV°v a.^.^ oj^s. £a]^- S^olcl-. O] #^-A>oV 2^(91)^ Lfl^l ifl^(92)7> 

^l-f^OS)^, ^1 ^^(93)^ oj^ofl #^(94)» 5Hr ^ ^(95)4, ^^(93)2) Ef^- 

^1 ^^-3 ^21^ #^7> 53(96)^, 4^21 #^-A>nV (13 )o| A]E^ ^o^j ^ ^^A>°V Cf^ (14) ^. 

7m ^S\$= #^A>^ ^(14)51 la-Jf^r e>-°-^!(93) Ml°11 ^-oj^l ^-Efl°flAi, ^^-A)-Bl- ( 1 3) 

21 711^-^(19)21 7fl^F -°-^lt!- ^EfloflAl Ji^-g- o] = ol^^ j7 7g «-7)l(99)o)l «fl ^0.^1(93)^1 -H^ 

51<H -SM ^ ^(95, 96)"8r 2j^-7> ^V-O-^OS)^ vJl^-5.(92)ofl ^-^^ ^Hfl^A^ ".^(99)^ o) 

«fl ^-°-^(93)oll ji^sH 

^^(93)^, £15o)l SAltb H>2f ^-O] n lfl^-^1 ^Ajjg vfl«.^(920)2l-, €r>^-^l(93) ^^o)l 7fl 

^^-(100)21-, 7fl^^-(100)» ^^l^l-iS. ^0.^1(93)34 QJ^]^ ^-(101)2)-, s$7] ^-(lOl)oll ^^1€ ti"^ 

^^21 ^X] ^°j-?-(102)# ^21^ ^-Aflolcf. 

^-sf-dOOfe ^^a>^- 1^-^(14)21 ^» i4l-?-S(92)o)1 ^-«a§>7l ^t!- ^-<a^7l- sife ^3;^ ^olch Ji 
^■8- =r^« 51-^(93)21 vfl-?-5.(92)2l- ojofl ^-oj^ ^ (95< 96) o] ofl ^sj^ ^s>^ ^oj-§- 

S. ^f>}7] ^ ^-°d^7> ^Cl. lE^h ^7] ^-(lOD^gr ^) 2] ^5^-§- ^1 *>7l 2)^1 ^ o] Cf. 

£th ^^!(93)2l ^fl^SA^, aV^^v sH^K32)*l- ^l-g-^ ==r 

^ ^(95)^, £16 ^ £17o)l £Al^ a]-al- ^-o] §1-0^(93)0! vfl^-S(92) ^1 ^"^sloi ^-?-S(92)» "i*^ 
^ ±3 711 ^-(103)2)-, e>-$-^(93)2l ^^(104)0)1 ^^-^ t)l 3 7fl ^-(105)21-, iS7ll^-(103)2l- cfla7fl^-(105) 

1- ^^l-^, 5>^-^(93)2l ^o] wj-^oil zias}^ ^-igo) ^^ol ig7fl-^-(103)-i'4£ ^711 £ ^^-^(106)21-, 4i 
^711-^(103), °i^-¥-(106) ^ ifla7ll-^(105H S<H ¥^(107)21-, ^-^(107)°11 ^^1-i^- rfl^7l] 

-f(105) K^] ^^^r #^-(94)1- ^«1*1-<*| ^El^ ^olcf. 

^ ^(96)^ £18 ^ £19o)l £A]^- H}sq- ^-o], §1-0.^(93)^ m«. S ( 9 2) 0 fl ^-^^0^ tfl«-s(92)-l- 'S-g-efe 
4iS 711 ^-(103)21-, «>-f^ (93)2] ^^(104)011 ^e>^ cfla7fl-^(105)2}-, i^7fl^-(103)2l- cfl^7ll^-(105)» 

^1-t-^(93)21 ^o] tg-Tgofl ^jesI-^ cf^2) ^3^o] 4ig7fl^-(103)a.c}-i ^1-711 ^ °4^^(106)» ^-«1^H t 1 
^21^ ^olcf. 
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^S7ll-¥-(103)^ 3? 7}^2] *1=¥£, ^t}^ ^}7> Z}^(93)2) ^^-s.(92)S &¥ ^£21 

°442l 4¥¥ ^-^(92)21 7^2}- 4£ ^5121 xl^JL £|<H Slcf. «>^-^(93)sl vfl^^^l- ^a7fl-?-(103)s1 

^w^o} ^ jl^Q ttSU ^£ofl Hl-e)- ^, ^-Aj- ! „„„ nl^>olcf. a^-, i§7fl-?-(103)^ *Mlfe JS^ 

-g- 3£6fl rrj-e)- ^^-^1°>, f-^ 0.1 mil "l^l^ #31, Jit} SH^Tll iH^-S.(92)S2l ¥<?]¥ 

w o v ^l*>7l $W1¥ 1 mm o]-^o] $o] v}^is}r\. 

rfla7fl-?-(105)Sl ^ 7>S.aJ ^°l¥, *>-^8(93)^ 2l«Hl ^#M¥ «W *fl^3.(92)« ^^V^, 3^ *r*l t 
< a-¥-(102)» ¥-2-5. x^lsf^s., g>.f^(93) ^s. ^ 7>S2l ^o]^ ^--a*>7)l 5)<H 

^^^-(106fe ^a7fl^-(103)2}- tflg7fl-?-(105) A>ol<Hl -a^lslJi, o]s.jzj. ^ 05^-^(106)^ 

*}-°-^(93)2l M^ofl ^sisfe ^^ol ^a7fl^-(103)^i 3]-7fl £H Slcf. 01 ofl <>1 sfl , ^ 59(95, 9 

6)* *K-;$K93)ofl ^aj-^ nflfe, ^^^-(106)21 2)^3)- *>-f^(93)^ ifl^M A}c>lo)l ^^-^(106), im7fl^-(103 
), tfla7fl^-(l05) ^ ^1-^(93)21 vfl^ofl i-e^>o]ji, s^l ^^-^-(106)21 2}^ £*1H ^1 ^- 

4(108W ^^^q-. £tt, ¥*1 ^"3 ¥4(108)<>11 «a**1-¥ 7fl^-Jf(100)fe ¥*1 -°- 0 d ¥(109)7} 

o]s). ^-o] <a^^-(i06)2l ^^^r 41^711^(103)^ S^-M- 1 ^ 4 Til ^-.5.^*1, £^(106)21-21 ^1 ¥^2l ^ 

m7fl^-(103)^l 4 aBK 110)71- ^^€4. o] 4*1-^(110)7} ¥*1 ¥4(108H ¥#€ ^ ^m99)°\] ^BlTfl 
^ ^(95 ( 96)21 s>^-^(93)o.s.«-e^ nf^oj *g-Al£H 53(95, 96 )ol *HM)(93H ^H^Ml SL^ 

Efh ^^-^-(106)21 JL^ ^-^(99)21-21 ^SHolol ¥-°-^- 7}^o] 

9X^ 3°1 «}4*ls}t}. 

4-¥- ^(95, 96)21 ^fl^s.^^, ofls. s-o] ^el^l-a.tilolE, ABS ^1, PPE ^1, <§3J- 

^1, S^^-Bim^elHS^^, #5l<>im?l -§-) o)-g-^ ^ jjcf. ^( 95( 96)^ 7> ^ ^ ^.^^ 

21* ^O-S. 7V^%»- ^ ^e)^2l #^7> 51 ir ^^1^ #^(94)* Sfe ^ ^(95)^ ^^>BV a . 1 .( 

l)oll ^o]S. ^-Hl€r>^ ^Jol 

-¥-7fl(99)7> ^ ^(108)^] ^l^r, ^ <a«-?-(106)2l 2l^^j!l- ^0-^1(93)^ ^^tf A >o] ^ ^ 

^MsK ^11 7^11 *V) ^ §1-0.^(93)0, ^o] n^s] Ho](o]*} t £o]^ 7}^)^, A>-g-^ Jl^-g- ^12, ^£ S- 
7g«i tt)-^ d-ef S.rf§l ^5)^1 ^^> ( j7^^- ^] 7 > ^ ^(95, 96)21 ^^(106)21 ^ 2l^ofl *e J7 ; 

ol3 ^-7fl(99)7> <S#^ 7>^tV ^l^olTg A>-g-gVfe Jl^-g- ^M2l ^£o11 s}-*^ ^oj ^ (10 

8)21 5l^# S^^Va #4. Jl^-S- ^121 ^£7} ^ ^-2-^, ^Xl ^-?>(108)2l ^1^» 2j<o-*V EL7]7?\*\ ^-tfl 

-R-^i ^-a- ^^i7i<a #14. 

ofll- Jl^-g- ^j^-Ai ^fj- ^ 7 1 ^£7> 1500 mPa • S 2) 2^ *-g-^2l ^-efl^ ^KiH^-ol n : 50000 mPa 
• s ^ 25§-)» ol-g-^jz, cj« 53(95, 96)21 ^^«-(i06)2l S]^ Qo]7} 30 mm?l ^1 ^-^(108) 
21 *>^(93)2l ^o] i#t£d)} z]Mis}±r ^^ol 0.4 mm' ol^t^l ^-^(108) *l^r : 0.2 mm a©l 2 

mm ol-S-]«>lia, -3Z^ ^-7fl(99)2l <g^^o) ^SJ©! H>^e>cf. ^x] *tKl08)^ ^1^7> ^ 0.2 mm 3 
©1 2 mm trUjHMfe ^1 ¥4(108)61 f<>W -R-^l *^°1 *\*]5.3. ^)2] *%-o] i^bbV^IcI-. -fefl 

4 ^1^ ^1421 ^aq-Sf ^-^ ^£7> io}x]£S, -Pr^fl ^o] 71 ^°J°11 ^lM-^Tll Al^o] ^el 

4, -fr*^-fr °J<>1 ^3l(»P)7> ^^-7> Sfltf. rq-El-Ai, ^1 ¥4(108)21 ^1^^ 7}^ 

-H^ ^-^(99)^ SV^^)(93) Ml^-ofl ^¥^(13)21 711^^(19)1- 7fl^ -H^Hr ¥^1 

°11, ©1 ^^A>^-(13)^. 6| a^O. 7l^Al?l7l Sf\fH 3)%1^2}- <* ¥^^fe ^^flS-H 7] ¥ 

^■4. £tb, 4-¥- ^(95, 96)¥ ^^1 ^¥^1^-5- *>-f 3K93H i^^l-¥ ^^|S^£ 71^-^. 

-H^ ¥7fl(99)» ^^J^>¥ oi^¥ ^1S.^¥, ¥^ 0^1, l-isl-^ElcHliEile ^1, ^-eim ^1, 4¥ ^ 
^1 ¥¥ °l¥& ^<>1 ^^^l-Tfl 7H^s>¥ 53<»1 7>^*>rl-. 

oi^¥ ^^1^ ^-¥-^(93)4 ^(95, 96)^1-21 4 Til si ¥ ^©1^, s^-g- ^ls^fe s>¥^(93) ^ 

4^- 53(95, 96)21 ^fl^¥ Ji3j*M, ^¥ ^i^*l-fe ^o] m\^^. g.^, ^-2-^(93) ^ 4¥ ^3(95, 9 

6)21 71) ^O) ABS ^ o. J15§-g- ^Sj- Aj^Ol ^ Ofl JE. Am ^^1^; A>-g-*l-^ ^ o] U> 

Jlil- £21 Jl^¥ ^)2l -ij-^o-l ^£1^1 ^14, 500 Vfljq 5000 mPa • S 7> «>^«|jl, 2Lt± H>^-ai§l-7llfe 

2000 ^£ 3000 mPa • s2l ^^olcf. ji^-g- ^£7} 500 mPa • s «1 4°11 ^ ¥ =r^7> ¥¥7.>eV( 13)21 
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(.19)77}*] 4*43, a o v 71 7 fl^^(19)» £-91°] 4 *37} 44. aX334 433 33^7} 5000 mPa 

• S« ^-°-4, 4*3 4^44(13) 43°fl ^-^Al ? l^ ^^SH^JELS u>^^l 

334 ^444 £t(91)i 4344, ^ 4*11(99)7} #^a)-dv 4^(14) -g- ^j. 0-^(93)0!] ^^«>^ -§-Alofl j ^ 
*3(95, 96)4 4*3l(93Hl Ji^ol, 4^44 44(14)4 4*3!(93H1 Jl^Hr XL^ 4*114, ^ ^(95, 96)* 
4*33(93H1 -H^Hr ^7} 4*11433 4*33(93)4 4* 53(95, 96)43 334 44 45-3 4 A 3 

3 47}33, ^.o.^ (93) jz} cj-jf 53(95, 96)43 334 *£3 713] ^ #£7} 4444. 

£4, 4* ^(95, 96)3 ig7fl-?-(103)4 444(106)3 #433 *H h}e} ^7)^ 444(110)* 4ol 4-°-2-3., 
3 444(110)7}- =^1 ^tJ-qosH 444 ja^ -¥-^(99)^ 43^1 s]^, 53(95, 96)2] s} o-;g (93) 0.3* 
e) °] m>^oi «HsH 3.^. 53(95, 96)^- 4"9-*K93WI 444711 ^ $X^. 

£, 4 4*33 4^44 2.1-^- £AH121 ^^-A>nV 2.-f-(91)<Hl 431 3 fe ^ O}!.) , ^o] 2 2 0°11 £3%} 34 

£3 u*}$ 444 ^44 44(14)3 44*» 171)3 S>^(93)<^1 J1334 ^^Afov 21-(111)3451 ^c}. 
4*333 ^2 jslaH^ alAfzl-^cHl 3H^*1 %*W5L 44&4- 3 31* , 4* *33 i3 

4*<4 4444 2.4(91)3 ^121 «o v ^°ii tn«fl 4^44. 

*4, 4^44 44(14)4 *^4oI Sife 4 4^44(13)3 D l E] ^5}oj 7fl^-Al^ ^Cf. 3l#«flA-l, f^A> 

^3-4(14)3 gJjm *H-^(93)4 7fl^(100H 4^44(13)3 7fl^Y(19)7> §1-^(93)21 tflJf3.(92)ofl 33 
45L4 43 44. 

f^A}n}- cf^r(14)5l 44* 4* 3K93) ^°fl *44 *, ^21 4 222ofl £ a}^- «><*}. Qo) 73(95, 96)2] ±g 
7fl-?(103) % ^^^(106)» ^3,(92)°)] 4343 tMjL 53(95, 96)* 4*33 (93)°fl ^-^tl-^-. 

Tfl^A-l, £23 ^ £24^1 SAltV «>2l- **A>BK13)^1 7ff^-^(19)^ 7l| ^ ^"Efl-I- -fr^l * ^Eflofl ^ , al 

^-§- ^1(99')* *>-f^(93)2l <2l^o.S.-f-El ^1 ^°J^(102) ^ 7fl^( 100)ofl ^^^4- 

f^H, -n^-g- ^l(99')fe 7^011 sisfl, 7^-^(100)^ ^^-°J =r^l -8- < a j i L (109)# »sfl, sM^i (93)4 W ^(95, 
96) 4°l°fl *§^4 ^r^l *?>(108)o.S -B-°J€4. ^31 al, £25 ^ £26ofl £Altb «>sq- ^-©l 5l^-§- ^l(99')fe 
4^- ^(95, 96)sl °1^^-(106)» ^1 ^oj ^-7j-(io8) ^^Hl zl^ ui^t)-. o] ji^-§- ^1(99')» aXJ?- 

Al^ o.s.*J, cl-f^(93)4 ti-? 7^(95, 96)4^1 ^^o\ ^5.^4- 

^^Afrt ^(14)31 s> o.^i(93)o) m«_o)i ^^}fe ^-S-, *H?-3(93)s] 7fl^?-(100)# ^tl ^ ^o-}fe ^} 

ol aV^-zig>cl-. -g-ols>7ll 7fl^?-(100)« a«|7l ^*flA^, «1-^(93)S) o 0 t^-«. ^ ajo^s. 9J ^ « 7fl^Al^ 1- ^ 
17} sa4. =13- 4-? 59(95. 96)* ^^K v 4^(14)21 ^(93HS1 ^°1|, ^-S-7} 

^aV^- £f(91)|- ^]3i^ lflofl, s}-°-^(93)4 ^ jg(95, 96)43 3^flfe W ^(95, 96H4 ^4 -£ 

3L a1^ ! J3.tr};*! ajro-t^, ^ jg(95, 96)* «W-3(93)4| ^°j«}fe ?l D uHS #4. ^al, *}*^(93)<H| ja^-g- 
^1(99')* Jl^-§- ^l(99')fe ^ , a-?-(102), Efe a}#o]1 s\ «f) *?Kl08)o.S -fr^ 

s}ai, n ^ ji^-g- *M(99')» i^-Al^^s.^, #^-a}b| ^(14)21 ^(93)°flsl -2.^4, ^ ^(95, 96)3 §} 
-f^(93Hsl ai^«l #s^4. 44^1, ^(95, 96)3 4*^(93)oll2l 31-oj^. s^-^ 0.3. ^Alf; ^ 

5U4. 



^^t} 44 ^ 0 1, * ^3 #^-44 si-* 4*^3 ^°1 w o v ^°ll ^"fl SZ«H43 ^443 ^ 

°1 4^°fl 2iH4fe 4^3 2lifl ^-(A)ol 25 mm ol4°H, SE^b 4*333 3£fl ^=°1 27113 4*334 Tle}^ j % 01 

f-3 ^^Hl 34 4*333 13 ^<H, ^^-443 $1^* ^^13fe °J3 S4. 

£4, 43 4*3^1 4*333 4£« iL44fe Ji4 3«-*# 4ai 91^, 4*333 ^* 3* 3^1^ * Si 4. 
£4, 3 Ji4 3 41- 4fe 4*3)3 44 «§43 ^7il H^3^, f?41 244 ^1^4 «H3 #1^^3 4^*113 

3, ^A}°V £f 0.^0)1 OjolA-lo) ^A}^- 2*3 33^** feTfl 47ll4fe 55 3 7}fesfl3, 4*333 « 4£7> c-i 
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^ *#€4. 

£th #7l sH-^M £tt *l*l3Hr *1*1 -¥-^» ^l^l*>7i sit!- t)1*1 ^a-g- ^ & o.^, 2}jf si jf. 

SEth #7] sH^is} 2^3 JA# El «. ^|^_- ^s.^-71- «g^jqs, #71 iL# el.ti.Jf °1 ^-a^o.]^ #7l 

^^AJLAi, ajf 0 S ^__= ^5}^ <£#£lfe 22:51 l:^-2:7> Si^, ^-f *1*1 ¥ 

71)21 o.ssi 7)1*11- ^s>7fl fl« ^ **3.JMi*. f^v^ ai-si i-avoi -g-om^ 

2-1-21 tsH-^J # #^2} ^4](a)2f, o|ofl <y*.§Hr 2-1-21 w^o} ^A] (a -)4^ £ 

^(C)ol 25 mm oIb^IeS, f^A]-^ 5Lf- -fj-^sl n]Z\^s) Q^-gr feTfl Q ^ %-*\°\], ^7] vi\$% 
<o^°fl 21 sH^ls) 1* 2^th°5. *Rr 3°1 7>^-*()^ ) #7m°ll ^ A}-g- ^<H1a^)o1 ^A.-"^ S.^S1 ^£-g- 
IWI-^ 3 °1 7>^-Sfl^lcl-. 

7)-*M 7ll^^-» 3- Sj-#t}- ^, #71 7fl^^-5.-?-El O^^S] #<f-S. ^"<y*l-Jl, 7fl^^-Jf-2l 7 fl^ #Efl* -°- 

^o^Ai _n^-g- ^Hl SIS}] O^ol-^ ^V 7 1 5>^-^)oll ^SRr Wj-'golSS., -4^oll4 *|Jf 51 ^Ol TiSl <& 

SEth ^3 S-l-O, SK-^ol, f^A}?!- t^Sl cJJf* g>^^llflJf o,] #<ysl-7l Sit. #3J*I 7fl^S> 

#71 7fl^Jf£l O ^ofl Stb 7fl^Jf<Hl tfflSfl 3g^S>7fl ^ ^-^21-, ^- ^-^£1 Ai^Jf^JfEl 

<L3. § ^€ Sfe ^°1H.jS., *>^^ ^1^ ^H5=i4 #^-Al-Sl ^Sl ^^ofl 51 *V #^g- 71S1 

Si^"- 7ll^7K Jl^-g- ^^lSl ^^17> Vflod-^ol ^-^S>Cf. 

Etb, ^21 ^AJ-dV 3.^°. ^^-A>nV 0. S «.El S) ^ S) ^5) ^-S7V Sjfe ^-¥-S7> ^Aj^ §>-2-^Sl ^ O, JE 
-¥-°fl ^31 ^^C-S- #7l ^Al-nT-e-j ^ i *V ^ tJ-Jf- 7 > SH-^ J7xg-g- ^^5. Ol -f- 

<H^1^ -H^ JfAflS. °J»^)1 ^^J5-S. Jl^^ ^^-A>°1- 3.1-OltJl, ^1-71 JZ^§ Jf ^fl7> #7l ^^■A>^ s>-f ^lofl j7^*> 
*AH1, #71 ^-f «>^-^°11 JL^Sl-J! ^ ^51 S}-?-^ o.^Jf E-lSl ^ Q6\ S> 

SEtb, #71 ^ 5^01 aV 7 ] ^>^lol ^JfiiL<Hl # 0 dSlfe ^^711^-31-, *>^'2l ^-^oll ^S>^ tflS7fl^-5+, 41^711 
Jffi)- cflSJllJfl- ^^^cil, SH^lSl ^ol M^ofl 2ja*>fe ^£1 #-330) dh^fl^r-JiEl-S. #7)1 € ^^-?-lr ^Jl, 
#71 Jl^ Jf^7> ^ 530] ^^Jf Si Sl^«-4, s>^-^)Sl A>oHl ^^ig ^^1 ^-7j-o|l ^^S)<>1 

c}-?- ^Sl S>^j5.iS.-?-ElSl B-l-^ol #^21^1, ^Jf ?Jjo] sH?-3Hl ^^711 

£t!-, g- 1^21 ^AKV 2.-3-0^ uv^^. ^^Dl-^ sV^Sl ^^^1 ^Ajig 7 fl^Jf.^J=L E :| g>^l i4)cHl 

^*>J1, *>^£l ^-Ir ^^5VJ1, 7fl^Jf ^0,1 ^A^ig ^1 ^^Jfo)l ojj^ ^.g. ^<y^ 

^>^°J| ^^Afol-^. J!^}^ ^-AH1 ( S>4-^4 Al-oHl & ^^1 ^^1- ofl it^-g- ^^Sl-oj 

^>^ lo fl ^ ^3* al^*l-fe #^01^.3., S>^^lJ!l- tt-Jf ^^1-Sl -¥-$21 7l7^H #£7> -f^tb ^A>BV Sl-i: 

-8-cl«>7fl, BEtt Jl-§- #7fl ^lal: ^ ^4. 



(57) ^^£1 ^21 

4^21 ^^-A>nV^. A]e^ 0. S ^ ^^-A>DV t^-^-Sl <^^-Jf 7> f^Al^Sl 7fl^^Jf Si 7fl^ #Efll- S>iSA| , ^ 

A ^ 27flSl SH^Ml Jl^g-g- ^1S al^Sl^ o] =-ol^i= ^A\^ J§*§ IfoH, 

#71 ^^21 ^ol «_h*j:o)l tflt! ^ofl oJolAiSl #71 ^A^Vo] ^ol aj-^o)! ^S}^ #^2l ^ tfl ^-(A)c»l 

25 mm ol°1-°H, 

*>7l 1^= #^o)l Slsfl ^.^^ #7l S)- 0 -^2l ^^ol 27fl si *>-$-^?> 7-1 e) Si 1 % ol§>«y ^3^- «j. 
^^a>^- a.-!-. 

(« ^ ^ #^ ) 
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#*j tfl^Sl «}* *} ^^^V^-^l ^'S-ol 3^ *)*ls}:*, 

t|-§- ^ tr]-**}*, ^ ^ ^fl^ s>**H 7Hfl*l*l *l*l*Ka, 

#*j *}* *} ^ct^^-Ej Ej-cj-^-^-^l 5 cm ?m 0.05 kg2] ^» H^, 

*3 cflAj-o] ^3 <tf«<H| tflS, 

#*j cfl^s] *}**! aJ^^ a>o)^ 71 ell- -*7l ?1e|2l ^rfl^l* £|t|) l^o.S tb^. 

^^L^- 2. 

^A><q-3% <a**Rr ^ *FHJ2l *J-2» ji7j-«>^ e) ^ 53* ^^K v 2-1. 

^12^1 sh-h, -s-7i s>* *j2i ^*j-°i tfl 7 fl h^91 53* «rj f^K v 2-1. 

^■t 1 ^- 4. 

Tfll^l 5fl°W, -$7} ^}^°] *\*\ ^ *1*1 -¥"^1- 7fl*lS>7l W 31*1 ^iE!-g- 5>ir 53* 

jg-^J- 5 

*114%H1 Sfl°H, si-**] 2] a.^^- 22:£] a. 7^ el 2e*°fl i^7> *g^£U, ^7) i*} el«.*2l 2* 

^MHItt ^"71 31*1 ^^■o.S.Ai, *l-f*JSl z}o] X\s. cfl^s>^^ 2^2} **^7l- ^S}<H Si^ 
53* f^K 1 " 21-. 

6. 

*fll* Ml*l 315*J- * <>1^ *V *<H 7l7fl^ ^^-A>°| 2*o) tfl£}= s|^s>7fl ^ Hfl-S^ S-# *y°H, 

A>BV a^aj s. wJ-<g:o] ^^( a )j4, o]c]] °l^g>^ ^^V^ 212] *>* *] J* H o v ^ ^(a')*^ *>3(C)°1 2 

5 mm ol*!-?] 53* *>fe **^K V 21- *bJ. 

^^•^J" 7. 

^ol ^'ofl tcl-S. £3$ 7fl^^-7> <g^€ ^* 71^-^21 ^ 21-g- *>**] °11 flo^, W** ^*1«T 7fl^2l «> 
tfl^°im i^l ^^1 ^ 2S^1 l-^.S-f-71- ^-^SlJl, *l-**]Sl ^-« 0 >O.S.^-El *S.^-^=H1 7}-®SL3.^ 7^ 

Jf-7} ^-^ 7>^-S>7fl £1<H Sife 53* ^-^^-S- «fe ^ S-l* *>*^. 

^T 1 "^ 8. 

*H7-%H1 9\°]*], 22tS] M.SL^lf-7} 5$f$Z}7]] *§^£\JL, SI-**! ^121 S| ol 

SI^ 53* ^*J-°5. *>^- ^ fit* ^>*^. 
^■t 1 -^- 9. 

3l7*J- Se4 >H18^H1 7l7.fl^l ^ 21* 5>**j3l-, <^4^* T^l^-il, A J"7] O^^nV ^ ^ol2 ^ ^ <#7] «>* 

^1 Si 7fl^-?-S.Jf-El -^Bfl^lAi, £t!r ^^1-^-21 7fl^-^Sl 7fl^- -^Efl-f- -fj_;*l g}-^ ^ ^7$$- <$ 7 ] S>**1 

o)] Jl*j5lol 53* ^-*1^-S. §>^r ^ 21. 

^^p.^. jo. 

317%>- £fe ^18^1 7l7flS 21* SI**} 21 #^S.-¥-El ^-S.^ofl oj-^^. 7l . gW 7H^*3- * *, *j" 

71 7l)^-^-S.-?-El o)^$) ^-<a§>51, 

°14^- ^-¥-21 7fl^- Aj-Bfll. O-^l^A^ JL7$-%. ^^Hl o^Sfl c^Sl-^ 1 -* ^"71 Sl**H 31*jS>^ 53* #*J S>fe ^1" 

2*2] ^12: « 0 >^. 

^T 1 -^ 11. 

**2l ^A>nV^. Ifr*. ^A>Q|ol ^A>o|^ 7 fl^-^-?-2l 7fl^- *j-Efllr **1*1-^*1 «>**] <^1 Jl*j* 

^*1S. 52*jE|ol ol =Lo^l^ ^A}*t £foH, 
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s£y] *>^ol ^^A>nV tj.^ ^# 5)-^ ifl^ofl #0^7] W 7^^, ^ 7fl^^ <$ ^ofl , 31*}- 

^* #^^-3. «H= f^A^ 

^■^U" 12. 

*Ul*J-°f| a o > 7 ] =. ^ol7l- ^ ^o]s] 10 90 %5. 5Uxr SRr S- 



^T 1 ^" 13. 

#3 °] al7> 10 : 9 vfl^l 2 : 191 3* #^-2-5. sffe ^^fev j^-g. 
^■t l ^' 14. 

*H1HMI 5a°H, #A fl7} 0.1 vfl^l 20 mm"?] 3* ^H3-°^ ^a>^ £f. 

^T 1 ^}" 15. 

ffAK^TEiSl J§-^7> vfl-¥-3.7> «gA^ *}^9] ^0)5. <Q^6\] ^ o) °J^] 0.5. 

^-71 JL^ -?-Afl7l- #71 #^Afn|^ ^CL^O)) J7^*Rr ^ofl, Aj- 7 ] ^-g- *>^1 ofl J7Jg*>j7 ol fe O. 

^t 1 -^- 16. 

*fll5*<Hl ^7] ^-f^ ^^-Sofl ^-SJ^fe i^fl-f-Sh SH^S] ^^<H1 iflS?^ 

-S-71 al^ ^-7fl7} ^ ?$2\ <£^lf-2) St\^SS^, ifl^ A}o]d\] «*<g ^Tj-ofl ^^£)<H ^ 

^Ht^ 17- 

^>i, 7fl^ ^°fl ^X] ^°J«>^ *>^o|l ^^>^* Jl^^fe 

*>^-^^- ^ 7>>0] ofl ^A^^ ^X] ^-7V«>11 Jl^-g- ^ ^3* S^*>fe ^J* ^-^ 

O-S. *Hr ^^V^ A)l2; « 0 V^. 
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